In this article, the m odern concepts of com puter-aided diagnosis (CAD), the m ethods of pulm onary nodule detection, and facts derived from the literature on the pulm onary nodule differential CAD are com piled in one source and described in som e detail. Several issues in lung cancer (LC) epidem iology and early diagnosis are discussed. Analysis of research done so far shows evidence that various CAD system s can be successfully applied to chest radiographs, computed tomography (CT), magnetic resonance imaging (MRI), and positron em ission tom ography (PET). These m odalities can serve as useful potential alternative tools available to practicing m edical professionals perform ing routine diagnostics. 
Introduction: Progress in the Field of Biomedical Imaging
The recent development of solid-state image receptors (eg, photosensitive flat-panel arrays, micro machined piezoelectric arrays, quantum dots) is considered to be a major evolutionary step in biomedical imaging. To store images in a computer, the images are divided into smaller sections called picture elements,
or "pixels" (1) . Each pixel is assigned a single numerical value that denotes the color, if a color image is stored, or the shade of gray (referred to as the gray "level"), if a black and white image is stored. Therefore, images used in medical practice are represented as a raster (matrix) filled with values coding color or gray level. The numerical values are represented in binary (or octal or hexadecimal) notation, and in this sense the image is said to be "digital." The set of pixels composing the image is referred to as the image "matrix." That is, a digital image consists of a matrix of pixels.
Some images are computer generated directly in pixel or digital form. Computed tomography, magnetic resonance, and computed radiography are examples of technologies that produce digital images directly. An image such as a chest film that was not originally "digital" can be entered and stored in a computer by dividing it into a matrix of squares and assigning the average color (or shade of gray) within each square as a single numerical value for the pixel. An image captured in this fashion is said to have been "digitized." If large sampling increments are used in an image, the result is a coarse or "blocky" appearance of objects in the image. If a larger number of pixels is used, the image looks smooth and has an almost photographic appearance. However, it is not necessarily better
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to break an image into the largest matrix size (smallest pixels).
If the computer has limited storage, or if the processing and transmission time for the images is restricted, then a smaller matrix size (larger pixels) may be desirable. Matrix sizes are typically powers of 2, reflecting the binary nature of computer storage (e.g., 64 , 128, 256, 512, 1024,...) (2) .
Pattern-recognition programs can detect anatomic and physiologic abnormalities in images by using computer-aided detection, and even characterize some of them with computeraided diagnosis; these capabilities are likely to have a significant long-term influence on medical care and the profession (1) . Chest radiography is by far the most common type of procedure for initial detection and diagnosis of lung cancer (3, 4) .
The detection of pulmonary nodules in chest radiography is one of the most studied problems in X-ray image analysis (5) .
The use of computed tomography (CT) has increased rapidly, both in the United States and elsewhere, notably in Japan;
according to a survey conducted in 1996, the number of CT quantitative evaluation and retrieval of images similar to those of unknown lesions; and (v) observer performance studies using receiver operating characteristic (ROC) analysis (7).
An expert system−or, more modestly, a decision support system−seeks to apply an expert's knowledge and reasoning to problems in a particular domain. Decision support systems have been developed in a wide variety of medical disciplines, and many of these systems are coming into widespread clinical use. Decision support systems can capture the expertise of radiologists to give referring physicians the information they need to choose imaging procedures appropriately. They can also help radiologists formulate and evaluate diagnostic hypotheses by recaffing associations between diseases and imaging findings (8) .
Analysis by humans is usually subjective and qualitative, Such as when comparative analysis is required between images of two subjects or between a subject and a reference pattern. humans is subject to variations. Given that most analyses performed by humans are based upon qualitative judgment, they are liable to vary with time for a given observer, or from one observer to another. The former could be due to lack of diligence or due to inconsistent application of knowledge, and the latter due to variations in training and the level of understanding or competence. Computers can apply a given procedure repeatedly and whenever required in a consistent manner. Furthermore, it is possible to encode the knowledge (to be more specific, the logical processes) of many experts into a single computational procedure, and thereby enable a computer with the collective "intelligence" of a number of human experts in an area of interest (9). 
2) Recently published reviews on the topic of Computeraided diagnosis

4) Lung cancer: epidemiologic and statistic data
Lung cancer (LC) is the most common cause of cancer death in both men and women in the United States and worldwide ( Fig. 1) (19) . There were more than 38,000 new cases of LC per year in the UK, and this incidence is among the highest in Europe (20) . (23,24). Cigar and pipe smoking is less dangerous than cigarettes in terms of LC incidence.
Pulmonary Nodules: History, Definition and Characteristics
1) Definition of the pulmonary nodule
Chiari described the first solitary pulmonary tumor in 1883.
This proved to be a peripheral chondroma, and uncertainty about the nature of the solitary pulmonary nodule (SPN) has persisted since. In 1897, the Roentgen ray was discovered, and the significance of the SPN took on new and wider concern.
The surgical treatment of the SPN was initiated in 1925 by Calcification (complete) within a nodule suggests that it is a benign lesion (43) . Calcification that is stippled, amorphous, or eccentric is usually associated with cancer (45).
The basis for differential diagnosis of a solitary nodule is extensive (Fig. 3 ), but its radiologic evaluation is primarily the various cell types that are present in the lung (47) .
In non-selected patient populations, a new SPN has a 20∼40 percent likelihood of being malignant, with the risk being 50 percent or higher for smokers. The remaining causes of pulmonary nodules are numerous benign conditions. Neoplasms characteristically grow, and several studies have confirmed that
LCs have volume-doubling times from 20∼400 days ( Table 1) .
Lesions with shorter doubling times are likely because of infection, as longer doubling times suggest benign tumors.
Traditionally, 2-year size stability per chest radiography has been considered a sign of a benign tumor (45) .
It has been noted that in patients less than 30 years of age, the prevalence of bronchogenic carcinoma is so low that an SPN should generally be followed up radiologically without any further evaluation, unless the patient has a known extrathoracic primary malignancy (49) . Approximately 50% of indeterminate lung nodules that undergo surgery for diagnosis 
3) Target size of the pulmonary nodule
The minimum target size of a nodule at CT LC screening is important for setting scanning parameters (ie, section thickness, section interval, detector row width, helical pitch, and reconstruction algorithm) and determining the detection capacity of the CAD system. The minimum target size of a nodule must be decided with consideration of how much improvement in prognosis is sought, after confirming the correlation between the pulmonary nodule size and the prognosis. Although some study results suggest that pulmonary nodule size and prognosis do not necessarily correlate, the results of a study by Sobue et al. (2002) suggest that small LCs are associated with a better survival rate. According to the results of that study, the 5-year survival rate was almost 100%
for patients with nodules 9 mm or smaller. However, they considered all nodules 9 mm or smaller in their analysis and did not include a breakdown of the 5-year survival rates for patients with pulmonary nodules 9 mm or smaller. More studies are needed to determine the actual minimum target size (57).
4) Nodule detection
Once a lung nodule is found on a chest radiograph, the subsequent task for a radiologist is to assess the nature of the lesion: i.e., whether the nodule is malignant or benign (Fig. 4,   5 and Table 2 ). This task of classification of lung nodules is 
5) Volumetric analysis
There is now widespread interest in the use of techniques for volumetric analysis of nodules, both in academia and in practice. Although the relative error in nodule volume measurement as a function of nodule size had been quantified by using nodule phantoms, the error for in vivo nodules must be greater, as it includes measurement error due to greater partial-volume effects, vascular geometry, and motion artifacts.
Of primary concern are whether a nodule that appears to have grown in sequential volume measurements actually has grown, and whether the difference in these measurements is not simply due to error. Thus, the purpose of the study conducted by 
Computed Tomography for the Detection of Pulmonary Nodules and LC Screening
Early detection of potentially cancerous pulmonary nodules may be a way to improve a patient's chances for survival (4) .
LC screening may ultimately enable earlier detection and improve an outcome. However, LC screening outside of research protocols has been controversial and to date has not been recommended by any major health care organization. One of the concerns regarding screening for the early detection of LC is the possibility of unwarranted, potentially harmful management of false-positive detections. LC had been commonly detected and diagnosed clinically or on chest radiography, but since the early 1990s X-ray CT has been reported to improve detection and characterization of both benign and malignant pulmonary nodules. LC screening is currently implemented using low-dose CT examinations, which are generally defined as scanning techniques that use less than 100 mAs. There are several methodologic issues regarding the optimal practice for low-dose CT screening (e.g., tube current, pitch, section thickness, reviewing format). In addition, the general desire to reduce motion artifacts and improve spatial resolution by rapid image acquisition with thinner image sections has resulted in advances in CT technology (e.g., multidetector scanners).
Hence, the typical examination generates large-volume data sets. These large data sets challenge both the display systems and the interpreting radiologist (59).
Helical computed tomography of the chest is the imaging modality with the highest sensitivity in detection of pulmonary nodules. LC screening with low radiation-dose helical CT has gained attention during the past 10 years. It has been reported that the detection rate of LC screening with low-dose CT is 2.6-to ten-fold higher than that with chest radiography. It has also been reported that stage I cancers represent 56∼93% of the LCs detected by using low-dose CT. These data suggest that this modality can help detect LC at an earlier stage than chest radiography can. Therefore, low-dose CT is a promising 
MRI Detection and Image Analysis of SPNs
MRI is another option for detection of malignant pulmonary nodules, in particular the image analysis it allowed. Recent experience with MRI points to its potential for detection and characterization of pulmonary nodules while avoiding ionizing radiation.
The mechanisms of this modality have been described in detail by Sensakovic and Armato. First, a patient is placed in a strong magnetic field generated by a superconducting magnet.
The nuclei of the hydrogen atoms of the tissue of the patient possess a small magnetic moment that causes the nuclei (essentially protons for hydrogen atoms) to align along and precess about the magnetic field. The patient is subjected to a radio-frequency pulse that causes the hydrogen nuclei to temporarily rotate perpendicularly to the axis of the magnetic field. In this alignment, the precessing hydrogen nuclei induce an electric current (signal) in a receiving antenna connected to the magnetic resonance scanner. This signal is then mathematically reconstructed into an image of the patient (66) . The development of indications for MRI of the lung (e.g. paediatric radiology) will be fascinating to observe (67) .
There are some controversies regarding the efficacy of MRI versus CT. MRI can be reliable in detecting nodules larger than 4∼5 mm (68) (69) (70) . It has been considered that visualization of pulmonary nodules using magnetic resonance imaging (MRI) plays a minor role compared with CT (71). Though MRI is considered inferior to CT in the assessment of the margins and internal features of nodules, it can provide further information in differentiating between malignant nodules and tuberculoma (72) . Magnetic resonance imaging study is a useful diagnostic tool, when a discrete pulmonary nodule demonstrates neither fat nor calcification on CT, for detecting the quite typical cleft-like structure in a pulmonary hamartoma, which could provide added diagnostic confidence (73) .
Dynamic MRI can play a more specific and/or accurate role for nodule management as compared with dynamic MDCT and coregistered PET/CT (74) . In the research of Schaefer et al. However, it is difficult to differentiate between acute inflammatory lesions and active infection and malignant lesions (76) .
In addition to identification of curve types in the context of MRI, visual analysis of enhancement patterns has proven helpful in differentiating benign and malignant nodules (77) .
We deem that the field of MRI thoracic image analysis is an area where new methods should be introduced toward improving sensitivity and specificity of malignant pulmonary nodule detection, and closing the gap of unclear results regarding the capacity of MRI to recognize pulmonary malignancies.
CONCLUSION
In this review article, we have described concepts and definitions of modern CAD and thoracic radiology, and facts 
